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Characterization of glomerular permeabilty and proteinuria in
acute hypertension in the rat
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Department of Pathology, Wayne State University School of Medicine, Detroit, Michigan
Characterization of glomerular permeability and proteinuria in acute
hypertension in the rat. The effects of acute angiotensin II (All) induced
hypertension on renal hemodynamics, urinary excretory rates, and
clearances of endogenous proteins, together with colloidal iron staining
and numerical density of differently charged ferritins in glomerular
basement membrane (GBM) have been studied. All decreases para-
aminohippurate clearance (63%) more than glomerular filtration rate
(GFR) (42%), resulting in an increased filtration fraction (54%). Simul-
taneously, large increments in the excretory rates and clearances of
albumin and lgG2a occur. The number of native ferritin particles per
unit volume of GBM and its different layers increases significantly in
both superficial and juxtamedullary glomeruli as a result of acute
hypertension. In contrast, the number of cationized ferritin particles per
unit volume of GBM as well as colloidal iron staining of GBM and
adjacent cell membranes remain unchanged, irrespective of All treat-
ment. The results demonstrate that acute All-induced hypertension
enhances glomerular permeability to proteins of different size and shape
in the absence of detectable alterations in the fixed negative charges of
the GBM. Since both RBF and GFR are decreased, the increased
transglomerular passage of proteins in acute hypertension appears to be
due to an increase in the pore size of the glomerular filter, induced
possibly by either high intracapillary pressure and/or a direct action of
All on GBM constituents.
Caractérisation de Ia perméabilité glomérulaire et de Ia protéinurie au
cours de l'hypertension aiguë chez le rat. Les effets d'une hypertension
aiguë induite par l'angiotensine II (All) sur l'hémodynamique rénale,
les debits d'excrétion urinaire, les clearances de protéines endogènes,
ainsi que la coloration au fer colloidal et Ia densité numerique de
ferritine avec différentes charges de Ia membrane basale glomérulaire
(GBM) ont été étudiés. All diminue Ia clearance du para aminohippur-
ate (63%) plus que le debit de filtration glomérulaire (GFR) (42%), ce
qui entraIne une augmentation de Ia fraction de filtration (54%). En
même temps, de grandes augmentations des debits d'excrétion et des
clearances de l'albumine et de l'IgG2a se produisent. Le nombre de
particules de ferritine native par unite de volume de GBM et dans ses
différentes couches augmente significativernent dans les glomerules
superficiels et juxtamédullaires, cc qui résulte de l'hypertension aigue.
A l'opposé, le nombre de particules de ferritine cationique par unites de
volume de GBM, ainsi que la coloration par Ic fer colloidal de Ia GBM
des membranes cellulaires adjacentes restent inchanges, de facon
indépendante du traitement par l'AII. Ces résultats démontrent qu'une
hypertension aigue induite par All augmente Ia perméabilité gloméru-
laire aux protéines de différentes formes et tailles, en l'absence d'altCra-
tions dCtectables des charges negatives fixées sur Ia GBM. Puisque le
RBF et la GFR sont toutes deux diminuécs, Ic passage transgloméru-
laire accru de protéines dans l'hypertension aigue parait êtrc dfl a une
augmentation de Ia taille des pores du filtre glomerulaire, peut-étre
induite par une pression intracapillaire élevée et/ou un effet direct de
All sur les composants de La GBM.
pressure [1—4] and enhanced passage of macromolecules across
the glomerular filter [5—71. Since the glomerular filtration rate
(GFR) remains constant despite the decrease in renal blood
flow (RBF), the proteinuria has been attributed to the measured
rise in intracapillary pressure [2, 8]. More severe forms of
hypertension in the same model, however, are characterized by
altered permeability of the filter with decreased GFR [5, 6, 9],
suggesting that the proteinuria depends not only on hemody-
namic factors but could also be the result of alterations in the
intrinsic characteristics of the filtration barrier.
The purpose of the present study was to investigate the
effects of pressor doses of All on renal function and correlate
the hemodynamic abnormalities and structural properties of the
glomerular capillary wall with the leakage of different protein
molecules. In the present model of hypertension the increased
transglomerular passage of proteins of different size and charge
cannot be attributed completely to the loss of the fixed anionic
sites in the glomerular basement membrane (GBM). The
glomerular leakage of proteins may be due rather to altered
properties of the filter, induced possibly by either high intracap-
illary pressure and/or a direct action of All on GBM
constituents.
Methods
Male Munich-Wistar rats (Simonsen Laboratories, Gilroy,
California), weighing between 170 and 245 g, were used in the
present study. The animals were allowed free access to water
and a standard rat pellet diet.
Experimental model. Rats were anesthetized with sodium
pentobarbital (Nembutal, 45 mg/kg body weight, Abbott Labo-
ratories, North Chicago, Illinois) injected via the tail vein.
Maintenance doses were given as required. Following tracheos-
tomy, the right femoral vein, the left carotid artery, and both
ureters were catheterized with polyethylene tubing (PESO, Clay
Adams, Parsippany, New Jersey). Each rat was given an
intravenous priming injection (2 ml/kg body weight) of inulin (10
g/dl) and PAR (0.4 g/dl) in 150 ms'i NaCl. Plasma inulin and
PAH concentrations were maintained by a continuous intrave-
nous infusion of 3.5 g/dl inulin and 0.3 g/dl PAR in 150mM NaCI
at a rate of 0.055 ml/min throughout the experiment. Sixty to
Acute hypertension induced by angiotensin II (All) adminis-
tration is associated with increased glomerular intracapillary
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Table 1. Effects of All infusion on MAP, GFR, PAR clearance, and FF in experimental (N = 10) and control (N 9) rats°
Animal groups
Periods
Percent changeFirst Second
MAP, mm Hg Experimental
Control
Percent change
117 4
117 3
0
154 5
121 3
27b
32h
3
GFR, mlIminIlOO g Experimental
Control
Percent change
0.871 0.204
0.826 0.088
—5
0.501 0.215
0.820 0.195
—1
PAH clearance, ml/min/100 g Experimental
Control
Percent change
2.31 0.810
2.15 0.250
7
0.861 0.383
2.140 0.220
60"
—1
Filtration fraction Experimental
Control
Percent change
0.377 0.014
0.384 0.013
—2
0.582 0.015
0.383 0.013
52"
54"
0
a Values are expressed as mean SD.
"The value shown indicates a percent change that is statistically significant, P < 0.05.
ninety minutes were allowed for stabilization; the first clear-
ance period (20 to 40 mm long depending on the urinary flow)
was then performed. In experimental animals All (Hypertensin,
Ciba Pharmaceutical Company, Summit, New Jersey) was then
added to the intravenous infusion in the amount of 1.7
tgImin/kg. After 5 to 10 mm of stable hypertension, a second
40-mm clearance period was started. In control rats the same
procedure was carried out, omitting only the All.
Mean arterial pressure (MAP) was constantly monitored with
a fluid transducer (Sanborn 267 AC, Hewlett-Packard, Elkhart,
Indiana) connected to a recording oscillograph (Hewlett-Pack-
ard). Urine was measured gravimetrically in preweighed micro
test tubes and samples containing blood (Hemastick, Ames-
Miles, Elkhart, Indiana) were discarded. Arterial blood was
taken at the clearance midpoints. Plasma and urine samples
were stored frozen until analyzed for insulin and PAH [101 and
protein (see below).
Under continuous infusion of All or saline, both experimen-
tal and control animals received cationized ferritin (CF) or
native ferritin (NF) at a flow rate of 0.1 mI/mm. Fifteen minutes
later both kidneys were rapidly excised and 0.5-mm thick slices
from the renal cortex were immediately immersed in a mixture
of 2% formaldehyde and 2.5% glutaraldehyde in 0.1 M phos-
phate buffer (pH 7.3) and fixed for 3 to 4 hr. The specimens
were washed in buffer and stored overnight at 4°C. They were
then postfixed for 2 hr in 2% aqueous 0s04 containing 15 mg/mI
of potassium ferrocyanide [11]. Other fragments were postfixed
in 2% aqueous 0s04 for 1 hr, washed in 0.1 M sodium
cacodylate and treated for 30 mm in 1% tannic acid [121. After
rapid dehydration in acetone, all the tissues were infiltrated and
flat-embedded in araldite. Thick sections (0.5 m) were stained
with methylene blue and safranin for purposes of orientation.
Glomeruli were thin-sectioned with a diamond knife, stained
with alkaline bismuth [13], or with lead citrate and uranyl
acetate and examined in an electron microscope (Philips
EM400, Eindhoven, The Netherlands).
Tracer experiments. Twice crystallized and cadmium-free
horse spleen NF (p1 4.2 to 4.6) (Calbiochem Behring Corp.,
LaJolla, California) and CF (p1 7.2 to 7.8) (Sigma Chemical
Company, St. Louis, Missouri) were used. The isoelectric
points were determined by isoelectric focusing on polyacrylam-
ide gel plates (pH 3.5 to 9.5) (LKB Ampholine PAG-Plates,
LKB Instruments Inc., Chicago, Illinois) employing calibration
kits for p1 determinations (Pharmacia Fine Chemicals, Pis-
cataway, New Jersey). NF was used as a permeability probe
because under normal conditions it is completely retained in the
blood and is restricted from entry into the urinary space. CF,
instead, was employed here as a cationic stain to visualize the
anionic sites within the GBM.
The effects of intravenous infusions of NF and CF on MAP
were assessed in both control and experimental animals. A dose
of NF, 0.5 mg/g of body weight, was administered because it did
not affect MAP and was present in discrete concentrations in
the glomerular capillary lumina. At the same dose CF signifi-
cantly lowered MAP in both control as well as All-treated
animals. The maximum amount of CF sufficient to be seen in a
bilayer pattern in the GBM without adversely affecting BP was
50 pg/g of body weight and was thus used here.
Analysis offerritin density in the GBM. The number of ferritin
particles per unit volume of GBM, N, was calculated accord-
ing to the equation N = Nalt, where Na is the number of ferritin
particles per unit area of GBM and t is the thickness of the
sections. For each animal two superficial and two juxtame-
dullary glomeruli from tannic acid-treated tissue were thin-
sectioned and stained with alkaline bismuth. Four random
pictures of GBM from each glomerulus were obtained at
x 33,000 and printed at a calibrated magnification of X90,000. A
13 x 8 cm morphometric grid containing 416 sampling points
was superimposed on the prints and the points overlying the
lamina rara interna (LRI), lamina densa (LD), and lamina rara
externa (LRE) were counted. The number of ferritin particles in
each layer was also recorded. The thickness of the photo-
graphed sections was measured by the fold method [141. The
number of ferritin particles per unit volume of GBM and its
three different laminae were calculated in each glomerulus; the
results from the different populations of glomeruli were aver-
aged to give the mean values per animal. All the data were also
corrected for compression artifacts [15].
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Table 2. Measurements of protein concentrations and clearances in experimental (N = 10) and control (N = 9) ratsa
Colloidal iron stain. Five additional animals were subjected
to the surgical procedures described above. Three rats received
All and the other two animals were given saline alone. At the
end of the infusions the left kidney was fixed by dripping [71
while small fragments from the right kidney cortex were fixed
by immersion and processed as previously detailed. One micron
thick sections were stained after removal of the plastic [161
using Mowry's colloidal iron procedure at pH 1.6 [171. Other
aldehyde-fixed fragments from both kidneys were sectioned at
20 to 30 jxm in a tissue chopper (Smith-Farquhar, Dupont
Instruments, Norwalk, Connecticut), incubated for 3 hr in a
solution of colloidal iron at pH 1.6 [18], washed in distilled
water, postfixed in 2% aqueous 0s04, and embedded in
araldite.
Tissue samples from both hypertensive and normotensive
rats were processed in parallel in the same stain for the same
length of time. The staining intensity was assessed by light
microscopy in a semiquantitative basis on 20 superficial and
juxtamedullary glomeruli of both kidneys from each rat. Two
randomly selected glomeruli from each animal were thin-sec-
tioned and examined unstained in the electron microscope to
detect differences in the distribution of the stain in the GBM and
along the surfaces of adjacent cells.
Protein studies. The specificity of all antisera was controlled
by double immunodiffusion and immunoelectrophoresis. Albu-
min concentrations in plasma and urine were measured by the
single radial immunodiffusion technique (RID) [191 using sheep
antisera to rat albumin (Chappel Laboratories, Cochranville,
Pennsylvania). Preliminary attempts to quantitate IgG showed
that available antisera to rat IgG (either heavy chain or heavy
and light chains specific) reacted with two protein components
in immunodiffusion. These proteins were identified as IgG2a
and IgG2b with specific antisera (Miles Laboratories, Elkhart,
Indiana). The concentration of IgG2a (approximately 160,000
daltons) was then measured, since it is quantitatively the most
prominent IgG subclass of rat serum [20].
Normal human urine samples are known to contain fragments
of immunoglobulins [21—231 that may interfere with measure-
ments of intact IgG by RID [22]. Thus, the presence of
immunoglobulin-related proteins of a low molecular weight was
studied in urine samples of control and experimental animals as
well as in 24-hr urine samples collected from a separate group of
20 normal Munich-Wistar rats. Twenty four-hour urine samples
were centrifuged. After dialysis and lyophilization, the proteins
were applied on a calibrated column of Sephacryl S-300 (Phar-
macia Fine Chemicals, Piscataway, New Jersey). The protein
concentration of the eluate was monitored at 280 nm. The
fractions were tested for the presence of albumin and lgG by
single and double immunodiffusion and immunoelectrophore-
sis. IgG was found in the fraction corresponding to the elution
volumes of rabbit muscle aldolase (158,000 daltons) and was
followed by the elution of albumin. Additional proteins were
found in the elution volumes between ovalbumin (45,000 dal-
tons) and ribonuclease A (13,700 daltons). On electrophoresis
and immunoelectrophoresis, these fractions showed different
proteins, some of which reacted with antisera to rat immuno-
globulin light chains. However, no reaction was seen with
antisera to the Fc portion of rat IgG or IgG2a. These protein
components were considered to be free light chains of immuno-
globulins. Their lack of reactivity with the antiserum used to
quantitate IgG2a suggests that their interference with measure-
ments of the intact IgG2a is unlikely. Thus, on RID each urine
Period
Percent changeFirst Second
UaIbV, pg/min/lOOg Experimental
Control
Percent change
1.34 0.36
1.06 0.46
26
116.6 58.4
1.20 0.26
96l7'
860P'
13
UIgG2aV, tgImin/1OO g Experimental
Control
Percent change
0.095 0.042
0.097 0.052
—2
1.31 0.55
0.083 0.039
l478b
1279b
—14
Plasma concentration
Albumin, mg/mi Experimental
Control
Percent change
33.7 5.0
29.3 3.5
15
30.1 3.6
28.9 3.0
4
—11
—1
IgG2a, mg/mi Experimental
Control
Percent change
3.21 0.21
3.30 0.26
—3
3.08 0.16
3.06 0.27
1
—4
—7
Albumin clearance, ,ui/min/100 g Experimental
Control
Percent change
0.037 0.010
0.034 0.012
9
3.15 2.20
0.039 0.011
7977b
8414k'
15
IgG2a clearance Experimental
Control
Percent change
0.032 0.016
0.029 0.016
10
0.496 0.225
0.031 0.013
1500k'
1450b
7
Abbreviations: UaIbV, urinary excretion rate of albumin; UIgG2
a Values are expressed as mean SD.
b The value shown indicates a percent change that is statistically significant, P < 0.05.
V, urinary excretion rate of IgG2a.
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Fig. 1. Low power electron micrograph of a glomerulus portion from an All-treated animal infused with native ferritin. Numerous protein
reabsorption bodies containing native ferritin are present in the podocyte cytoplasm. (x 21,300)
sample developed only one precipitin ring that was attributable
to the presence of intact IgG2a. Its presence was further
demonstrated by double immunodiffusion; all urine samples
gave a single precipitin line with the antisera to IgG2a that fused
completely with that of 7S IgG isolated from rat serum.
RID plates were prepared with different dilutions of antisera
to measure low and high concentrations of either albumin and
RID plates were prepared with different dilutions of antisera
to measure low and high concentrations of either albumin and
IgG2a. Chromatographically purified rat albumin (Chappel Lab-
oratories) and rat serum with known levels of IgG2a (Miles
Laboratories) were used as standards.
The significance of differences between various results was
determined by paired or unpaired Student's t tests.
Results
MAP increases in All infused animals an average of 37 mm
Hg above the mean value measured before infusion, which
-
• (t.
k
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Table 3. Effects of A!! infusion on the numerical density of native
ferritin (NF) in the glomerular basement membrane (GBM)a
Experimental
rats
(N = 5)
Control rats
(N = 4)
Percent
change
Section thickness, nm 43.6 6.20 44.5 6.40 —2
GBM area sampled, am2 5.11 0.81 5.20 0.71 —2
Volume percent of GBM
LRI 20.75 1.47 20.40 1.03 2
LD 59.90 1.39 59.40 1.35 1
LRE 19.35 0.40 20.20 1.33 —4
NF particles, number
per pm3, x 1O
GBM 5.35 1.33 2.63 0.37 103"
LRI 18.14 3.52 8.96 1.96 102b
LD 2.20 0.60 1.03 0.17 114b
LRE 2.17 0.58 0.71 0.04 206"
Abbreviations: LRI, lamina rara interna; LD, lamina densa; LRE,
lamina rara externa.
a Values are expressed as mean SD.
"The value shown indicates a percent change that is statistically
significant, P < 0.05.
corresponds to a 27% increase over control animals (Table 1).
Left and right kidney measurements of GFR, PAR clearance,
and FF as well as excretory rates and clearances of proteins in
the two periods from both groups of rats demonstrate small and
not statistically significant differences. Thus, these results were
combined and are shown together in Tables 1 and 2.
The measurements of renal function are also illustrated in
Table 1. In comparison with the first period, a 63% reduction in
RBF as assessed by PAR clearance is found in hypertensive
rats, accompanied by a 42% decline in GFR. The disproportion-
ate decrease of RBF with respect to GFR is reflected by a
significant increase of FF from 0.38 in the first period to 0.58 in
hypertension. Approximately the same differences are revealed
if the comparison is made between hypertensive and normoten-
sive rats; RBF and GFR remain unchanged in the latter animals
throughout the experiment.
The protein measurements are summarized in Table 2. The
urinary excretion rate of albumin (UaIbV) is higher than that of
IgG2a (Uigo2aV) in both control and experimental animals
during saline infusion. All increases UabV almost 90-fold
whereas UIgG2aV increases more than tenfold. The clearance of
both proteins shows a similar and significant increment above
control values and the clearance ratio of IgG2a to albumin is
considerably decreased in All-treated animals.
The survey of an average of 200 glomeruli from each animal
by light microscopy, and at least four glomeruli by electron
microscopy, reveals dilations of mesangial channels similar to
those previously described [7] in about 70% of the glomeruli of
hypertensive animals. Protein droplets in podocytes are more
numerous and widely distributed in hypertensive than in nor-
motensive animals (Fig. 1). The other glomerular constituents
do not exhibit pathologic changes.
The numerical density of ferritin particles per unit volume of
GBM and its different layers is illustrated in Tables 3 and 4,
along with pertinent morphometric measurements. Since the
results from superficial and juxtamedullary glomeruli of left and
right kidney gave similar findings in both groups of rats, all the
values have been pooled together. In control rats NF penetrates
the LRI, but only a few particles are seen in the LD and even
less in the LRE (Fig. 2). Quantitative analysis confirms a
gradient in the distribution of NF across GBM, since the
concentration of particles is highest in the innermost layers and
progressively decreases in the LD and LRE (Table 3). As a
result of All infusion larger numbers of NF accumulate in the
GBM (Fig. 3), and numerous particles are present in the urinary
space and within the protein droplets located in the podocyte
cytoplasm (Figs. 1 and 3). Table 3 shows that the concentration
of NF is roughly doubled in LRI and LD of hypertensive
animals and the increment is even larger in the LRE.
CF penetrates GBM to a greater extent than NF in all
glomeruli in both hypertensive and normotensive animals (Ta-
ble 4). However, in comparison with NF, CF particles have a
predominant bilayer distribution in GBM (Fig. 4), being more
numerous in the inner and outer layers than in the LD (Table 4).
In hypertension the number of CF per unit volume of GBM as
well as of the three different laminae is unchanged in compari-
son with the corresponding values in control rats (Table 4).
By light microscopy colloidal iron heavily stains a dense layer
of material along the GBM. However, at this level of resolution
precise localization of the stain to individual glomerular con stit-
uents cannot be achieved. Electron microscopy reveals dense
deposits of colloidal iron on the podocyte membranes, including
the urinary surfaces of foot processes (Fig. 5). Endothelial cell
plasmalemma is also stained. In addition, two distinct layers of
positive reaction are seen in the GBM with a distribution similar
to that of CF. No differences are found in the intensity and
distribution of colloidal iron stain between normotensive and
hypertensive rats or superficial versus juxtamedullary
glomeruli.
Discussion
The results of the present study indicate that acute (All-
induced) hypertension is accompanied by an increased transglo-
merular passage of macromolecules of different size and charge.
This alteration in the permeability properties of the glomerular
filter involves polyanionic molecules like albumin (69,000 dal-
tons) and native ferritin (500,000 daltons) and polycationic
structures such as IgG2a (150,000 daltons). Proteinuria occurs
despite a significant reduction in both RBF and GFR.
Glomerular filtration of macromolecules is governed by sev-
eral factors including size, charge, and shape of the circulating
molecules, and size and charge selectivity properties of the
filter [22, 24]. In addition, the transport of molecules across the
glomerular filter is also influenced by plasma flow rate as well
as by other hemodynamic variables [25]. Therefore, clearance
of albumin and IgG2a were measured here to evaluate the
extent of glomerular damage during All-dependent hyperten-
sion. The clearances of these endogenous proteins were found
to be increased almost 90-fold and tenfold, respectively. These
clearance values, however, cannot be directly considered as
representative of the degree of the filtration defect, since the
amount of reabsorption by the tubules is unknown. On the other
hand, available information indicates that All-induced protein-
uria is unrelated to inhibited tubular reabsorption [5] and short-
term All infusion does not produce tubular necrosis [26]. Thus,
assuming a constant tubular function our data provide a quanti-
•
 
S I. .1
.: 
,0:
4__
1.
:-j _!! -—— tr7P'-JT,...1 -' • I
'••,ø_—_J-•---
.— •') ::• t;
•b' V
604 Olivetti et a!
Fig. 2. Electron micrograph of a segment of glomerular capillary wall from a normotensive rat infused with native ferritin. GBM contains a few
tracer particles in lamina rara interna and lamina densa. One native ferritin particle (circle) is present also in the lamina rara externa. (x 110,000)
Fig. 3. Electron micrograph of a similar segment of capillary walifrom an All-treated rat infused with native ferritin. Numerous tracer particles are
present in the lamina rara interna, lamina densa, and lamina rara externa (x 110,000)
tative estimate of the defective properties of the glomerular three distinct layers. Following All infusion the number of NF
filter. per unit volume of GBM increased more than twofold, but a
An additional measure of the extent of the altered glomerular greater than threefold increment was seen at the level of the
permeability in All-induced hypertension is obtained from the LRE. As a result of the latter change, the physiological gradient
numerical density of NF in either the GBM as a whole or in its in the distribution of NF across the GBM, previously suggested
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Fig. 4. Electron micrograph of a segment of glomerular capillary wall from a hypertensive rat infused with cationizedferritin. The tracer particles
are mainly localized in the lamina rara interna and lamina rara externa. (x 120,000)
on a morphological basis [271 and demonstrated here morpho-
metrically, was disrupted and equal numbers of NF were
present in both LD and LRE. Thus, the larger number of NF in
the constituent layers of GBM as well as their redistribution in
hypertension were the consequence of increased GBM perme-
ability and indicated disruption of the size selective properties
of the glomerular filter in this form of hypertension. This
conclusion is further supported by the presence of numerous
NF particles in the urinary space and the podocyte cytoplasm
since in normal conditions NF does not reach the urinary space
because it is restricted at the level of podocytes and filtration
slits [24]. The altered gradient within the GBM is suggestive
also of a change in the properties of the two inner laminae that
allows more molecules to penetrate into the LRE. In addition, it
should be pointed out that these morphomeric measurements
underestimate the effect of the high BP on the glomerular filter
since angiotensin decreases the RBF and therefore the amount
of NF delivered to GBM of each glomerulus.
The overall results from protein clearance and NF analysis
indicate that All-induced hypertension enhances glomerular
permeability not only to proteins of the size of albumin that is
normally restricted but not excluded by the glomerular filter
[22], but also to IgG2a and NF that are larger and substantially
confined to the blood. A similar alteration in the permselectivity
properties of the glomerular filter has been documented in other
experimental conditions where changes in the polyanionic
nature of GBM have been detected [28—31]. Two different
methods have been used here to detect changes in the charge
properties of the GBM: the use of an in vivo probe (CF) that
reveals morphologically the fixed anionic sites of GBM and an
in vitro technique (colloidal iron) that stains the glomerular
polyanion in a more diffuse pattern. In our experiments, howev-
Table 4. Effects of All infusion on the numerical density of cationized
ferritin (CF) in the glomerular basement membrane (GBM)
Experimental
rats(N = 5)
Control rats
(N = 5)
Percent
change
Section thickness, nm 45.9 6.10 43.9 7.90 5
GBM area sampled, j.tm2 5.54 0.17 5.35 0.31 4
Volume percent of GBM
LRI 19.83 0.51 20.76 0.95 —4
LD 60.02 0.80 59.35 0.83 1
LRE 20.15 0.46 19.89 0.63 1
CF particles, number
per .tm3, x JO
GBM 3.34 0.40 3.32 0.69 1
LRI 12.58 1.94 12.57 2.89 0
LD 0.30 0.10 0.35 0.21 —14
LRE 3.22 0.56 3.66 0.46 —12
Abbreviations used are the same as those in Table 3.
Values are expressed as mean SD.
er, colloidal iron staining of GBM and adjacent cellular mem-
branes was found to be practically identical in both hyperten-
sive and control animals. In addition, the number of CF per unit
volume of the three different layers of GBM was substantially
constant irrespective of All administration. Although morpho-
logical techniques may be insensitive to small variations in the
anionic sites of GBM, the results of the two procedures used
here agree well with those of polyanionic dextran clearances
showing that a charge defect in the glomerular filter, if it exists
at all, plays a minor role in All-induced proteinuria [2].
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Fig. 5. Electron micrograph of a segment of glomerular capillary wall from All-treated animal stained with colloidal iron. The surface of both the
endothelial and epithelial cells are stained. Colloidal iron is also present in the lamina rara interna and lamina rara externa, with a distribution
similar to that of cationized ferritin (see Fig, 4). (x 120,000)
In the absence of a charge defect in capillary wall constitu-
ents an additional mechanism underlying the proteinuria in All-
induced hypertension may be the effects of altered renal hemo-
dynamics on the convective and diffusive forces that regulate
the transglomerular passage of macromolecules [21. It has been
shown that a reduction in glomerular plasma flow, compensated
by an increased intracapillary pressure to maintain a nearly
constant single nephron GFR, may explain a twofold increase in
protein excretion without any change in the glomerular filter [2,
25]. In contrast, little influence on protein excretion should be
expected in response to All when GFR is decreased, even in
the presence of a high filtration fraction, since the fractional
clearance of a given molecule may tend to increase, but the
absolute clearance should decline in proportion to GFR reduc-
tion [2, 81. In the present study, the large amount of proteins
excreted cannot be attributed solely to hemodynamic effects of
All, since the contribution of the increased filtration fraction to
the overall altered permeability should have been markedly
offset by the 42% reduction of GFR. Furthermore, the hemody-
namic alterations cannot account for the defect in size-selective
capacity of the glomerular filter demonstrated here by both the
enhanced filtration of IgG2a and the breach in the permeability
barrier to NF in hypertensive animals.
It should be pointed out, however, that several pathogenetic
mechanisms may underlie the proteinuria in various models of
All-induced hypertension inasmuch as differences in the hemo-
dynamic response [1—6, 9] and in the amount and composition
of excreted proteins [2, 5—7, 9] have been reported. Thus, the
overall effect of the multiple actions exerted by All on the renal
cortical microcirculation may result in some experiments in
prevailing functional alterations that in other experimental
conditions may also be accompanied by structural changes.
In conclusion, the defective glomerular permeability in All-
induced hypertension cannot be completely attributed to an
increased transglomerular gradient for diffusion of molecules in
response to hemodynamic alterations nor to a charge defect of
the fixed anionic sites of the glomerular constituents. Thus, a
change in the dimensional characteristics of the porous struc-
ture of the glomerular filter has to be considered. Increased
porosity of the glomerular filter has previously been suggested
in both All-induced hypertension and proteinuria [5,6] and the
proteinuria provoked by subtotal nephrectomy [32]. The mech-
anisms by which such pores become larger and modify the
permselectivity properties of the filtration barrier are not
known at present. However, there is evidence that All not only
increases intrarenal vascular resistance but also raises intraca-
pillary filtration pressure [1—4], an effect that might change the
dimensions of the glomerular pores. Alternatively, All may
affect glomerular functional properties by a direct action at the
level of GBM, since specific binding sites for the peptide have
been found in isolated GBM preparations 133].
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